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Abstract—Synthesis of the theoretically interesting 2-heterobicyciof3.2.1.)octa-3,6-dienes and their dilydro-and
tetrahydro-derivatives has been achieved in the oxygen, nitrogen and sulphur series. The pareat compound of the
nitrogen series appears to exist as 2-azabicyclo{3.2.1Jocta-2, 6-diene rather than as the enamine (3, R=H). The Cope
rearrangement equilibrium (2, X=NR)=2(3) lies more to the side of the diene 3 when nitrogen is substituted with an
electron withdrawing group than when an alkyl substituent is present. These effects seem to suggest no special

bishomoconjugative stabilisation in the dienes 3.

In connection with our interest in 2-heterobicy-
clo[3.2.1Jocta-3, 6-dienes as neutral bishomo-(4n+2) =-
electron systems,’ we have synthesised a variety of these
dienes and the corresponding dihydro-and tetrahydro-
derivatives.

In the oxygen series, 2-oxabicyclo[3.2.1jocta-3, 6
diene(1) is well known® and has been shown to exist in
equilibrium with endo-6-formylbicyclo[3.1.0]hex-2-ene
(2, X=0) through a Cope rearrangement.’ The related
monoene, 2-oxabicyclo[3.2.1]Joct-3-ene has also been
prepared.’ In the aza-series, 2-azabicyclof3.2.1locta-3,
6-dienes (3) substituted with an electron-withdrawing
group on nitrogen are well-known and stable and there
has been no evidence reported for these being in equili-
brium with the imine Cope rearranged products (2,
X=NR). The first task in preparing compounds for our
study of homoconjugative effects was to prepare the
reduced derivatives of these compounds.

N-Phenylsulphonyl-2-azabicyclo[3.2.1Jocta-3, 6-diene
(3, R<SO,Ph) was prepared by the method of Oehlsch-
lager and Zatkow* and had the expected spectral charac-
teristics although spin decoupling experimentst caused
us to revise the original assignments® to H and H, in this
compound and, by inference, to other 2-heterobicy-
clof3.2.1Jocta-3, 6-dienes.

When N-phenylsulphonyl-2-azabicyclo[3.2.1Jocta-3, 6
diene (3, R=SO,Ph) was reduced with LiAIH, in refluxing
tetrahydrofuran, a major product, C,;H;sNO.S was
isolated. This had a '"H NMR spectrum compatible with
assignment of the structure as N-phenylsulphonyl-endo-
6-aminomethylbicyclo{3.2.1]bex-2-ene (4). The spectrum
was complicated by protons H, being diastereotopic and
appearing as part of an ABX system but analysis was
simplified by preparation of (7RS) [7-*H;}N-ben-
zenesulphonyl-endo-6-aminomethylbicyclo-{3.2.1Thex-2-
ene by reduction of the diene 3 R=SO,Ph with LiAID,. In
the 'H NMR spectrum of this compound the protons H,
appeared as a pair of doublets. The structure 4 suggested
for the. reduction product was finally confirmed by an
unambiguous synthesis from the known® carboxylic acid
(8, R=OH). This was converted to the amide (5, R=NH,)
and thence reduced and treated with phenylsulphonyl

+'H NMR spectra and decoupling experiments are described in
full in the experimental section.

chloride to yield the sulphonamide (4) identical in all
respects with the product of LiAlH, reduction of the
sulphonamide (3, R=SO,Ph).

Although there was no spectral evidence for the co-
existence of the sulphonamide (3, R=SO,Ph) with its
Cope rearrangement product (2, X=NSO,Ph}, it is evident
that the product 4 of LAH reduction must have derived
from the imine tautomer (2, X=NSO,Ph). When the
crude product from this reduction was reinvestigated, the
'H NMR spectrum was consistent with its being
comprised of a mixture of the sulphonamide (4) and
2-azabicyciof3.2.1Joct-6-ene(6, R=H). This latter
compound was a potentially useful synthon for the series
of A*-monoenes (6) and so it was of interest to optimise
its yield. The Cope rearrangement leading to the
sulphonamide (4) was likely to be preferred at higher

and so the reduction of N-phenylsulphonyl-
2-azabicyclo[3.2.1Jocta-3, 6-diene (3, R=SO,Ph) with
LAH was conducted at room temperature. Under these
conditions a good yield of 2-azabicyclo[3.2.1Joct-6-ene
(6, R=H) was obtained and this could be converted to the

" sulphonamide (6, R=SO,Ph), C,3HsNO.S, on treatment
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with phenyisulphonyl chloride and base. The structure
was confirmed by extensive decoupling experimentst and
catalytic reduction gave N-phenylsulphonyl-2-azabicy-
clof3.2.1Joctane (7, R=SO,Ph) identical in all respects
with an authentic sample.® The final member of. the
phenylsulphonamide series, N-phenylsalphonyl-2-azabi-
cyclof3.2.1Joct-3-ene (8,- R=SO,Ph) was prepared by
selective reduction of the less electron-rich olefin in the
diene (3, R=SO,Ph) by diimide. Reduction of the 3-ene
(8, R=SO.Ph) with LiAlH, yielded the amine (7, R=H)
which could be converted to the sulphonamide (7,
R=SO,Ph) identical in all respects to an authentic
sagwple.® We bad now prepared the diene (3, R=SO,Ph)
and all of its possible reduction products. 'H NMR
spectra were especially rich in detail and decoupling
experimentst allowed assignment of chemical shifts with
certainty, an important point in our subsequent analysis
of possible homoconjugative effects.’
N-Carbomethoxy-2-azabicycio{3.2.1Jocta-3, 6~diene (3,
ReCO;Me)” was prepared from the known® nitrile (3,
R=CN) on treatment with methanolic base, or by heating
the known' tricyclic urethane (9) in methanol to obtain
the diene (3, R=CO,Et) followed by transesterification.
The 'H NMR spectral chemical shift assignments were in
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line with values for the sulphonamide (3, R=SO,Ph).t
Selective reduction of the less electron-rich olefin in the
diene (3, R=CO,Me) readily gave the 3-ene (8,
RaCO;Me). The 'H NMR spectrum of this compound
was very rich in detailt and it was evident that
geometrical isomerism due to restricted rotation of the
urethane C-N bond was a complicating feature. This was
removed in the spectrum at +60° and extensive decoup-
ling experimentst allowed a full analysis of the spectrum.
N - Carbomethoxy - 2 - azabicyclof3.2.1Joct - 6 - ene (6,
R=CO,Me) was obtained by reaction of the amine (6,
R=H) with methyl chloroformate and the fully saturated
N - carbomethoxy - 2 - azabicyclo - [3.2.1]octane (7,
R=CO,Me) was obtained from either the diene (3,
R=CO,Me) or the 3-ene (8, R=CO;Me) by catalytic
reduction.

" Having prepared two complete series of aza-
compounds with electron-withdrawing groups on
mtmgen it was of interest to prepare either the parent
series (3, 6, 7 and 8, R=H), or N-alkylated derivatives of
this parent series, since the resultant dienes (3) would be
expected to be much more likely to show conjugative
effects involving the lone-pair if the electron withdrawing
group were not present. In the parent series we had
already prepared the 6-ene (6, R=H) by LAH reduction
of the sulphonamide (3, R<SO,Ph). The “3-ene” (8, R=H)
had been postulated'® as an intermediate in the reductive
amination of 2-exo-chloronorbonane (10) although it was
felt to exist as the imine (11). To verify this unproven
postulate’’ we synthesed the imine (11) from the
known'? aldchyde (12, X=0, R=H) by conversion to the
ketal (12, X=OCH;CH0, R=H), reduction to the dihy-
droderivative (13) and removal of the protecting groups
with concomitant cyclisation. The product was, as
expected, fairly unstable but the spectral characteristics
were in keeping with its formulation as the imine (11).
Further, reduction with sodium borohydride gave the
amine, (7, R=H) which could be converted to the
sulphonamide (7, RnSO:Ph). identical in all respects with
an authentic sample.®

Since the imine (11) had been formed rather than the
enamine (8, R=H), it was of interest to prepare the diene
(3, R=H) to see whether in fact the presence of the 6-ene
would cause this compound to exist as the 3, 6-diene or
whether it would take the form of the alternative 2,
6-diene. The diene (3, R=H) was made by addition of
ammonia to a solution of the aldehyde ((2, X=0)<=(1)) at
low temperatures. The product was unstable and it was
thu'eforenotpouibletoobumaeompletelypun
sample. Although dimerisation occurred within 15 min at
room temperature, use of low temperature techniques
allowed spectra to be recorded. Quartets characteristic
of He and H, in the dienes (3) were present in the 'H
NMR spectrum but there was no absorption charac-
teristic of the enamine proton H, which occurred be-
tween 1 4.22 and 14.58 in the spectra of the dienes (3,
R = alkyl)." Instead a doublet with chemical shift more in
keeping with the imine proton Hs in 2-azabicy-
clo[3.2.1Jocta-2, 6-dienc was present. The compound
could be converted to the sulphonamide (3, R=SO,Ph) in
small yield. The occurrence of the imine form is in
keepmgwnhtheﬁndmpofAmmmu"’mdnndtbe
held to argue against any excessive homoconjugative
stabilisation in the dienes (3).

1'H NMR spectra and decoupling experiments are described in
full in the expesimental section.

The reaction of the aldehyde [2(X=0)==1] with am-
monia and amines seemed potentially useful for
synthesis of the N-alkylated dienes (3). We had pre-
viously shown'? that reaction of the aldehyde (2
(X=0)=21] with excess of methylamine had led to the
valence isomers (14215), but, when one or two
equivalents of methylamine were used, a product with
the characteristic '"H NMR spectrum of the diene (3,
R=Me) was obtained. This compound was very unstable
and dimerised readily at room temperature so that low
temperature techniques were employed to obtain spectra.
The diene (3, R=Me) was also prepared by two alter-
native routes, either by reduction of the urethane (3,
R=CO,Me) with LAH or by methylation of the ketal (12,
X=OCH,CH;O, R=H) to (12, X~OCH,CH:0, R=Me)
followed by deprotection and concomitant cyclisation.
Catalytic reduction of the dienc (3, R=Me) gave N-
methyl-2-azabicyclof3.2.1Joctane (7, R=Me) spectrally
identical with an authentic sample.* N-Methyl-2-azabi-
cyclof3.2.1Joct-6-ene (6, R=Me) was prepared by
methylation of the “parent” compound (6, R=H) or by
reduction of the urethane (6, R=CO,;Me) with LAH. The
6-enc (6, R=Me) was more stable than the diene (3,
R=Me) but it was still found advisable to use low
temperature techniques for its isolation. Reduction of the
muhane(l,R-COMe)withLAHaﬂordedtheﬁnal
compound of the N-methyl series, N-methyl-z-aubtcy
clof3.2.1Joct-3-ene(8, R=Me). This was again unstable and
dimerised at room temperature so that low temperature
techniques were employed in its isolation and handling.

The N-ethyl and N-t-butyl dienes (3, R = Etand R = Bu')
were prepared by reaction of the aldehyde [2,(X = 0) 2 1]
with the appropriate amine, and it was observed that the
stability of the compounds in the series (3, R = alkyl)
increased with increasing size of the alkyl substituent. It
was further evident from the 'H NMR spectra (see for
example Fig. 1) that the dienes (3, R = alkyl) coexisted
with their Cope rearrangement products, the imines (2,
X=NR), at room temperature. We had noted that the
equilibrium [2(X = 0) 2 1] could be shifted towards the
diene (1) by use of NMR spectral solvents of relatively
low dielectric constant such as carbon tetrachloride and
use of this solvent was very effective in shifting the
equilibrium in the aza-series towards the diene (3). The
observation of the ready equilibrium (2, X=NR)=(3,
R=alkyl) in the alkyl serics where we had expected
bishomoconjugative stabilisation of the diene (3) to be
more apparent than in the dienes (3, R=SO,Ph or
CO;Me), where the diene form was the only isomer
observed at room temperature, might be taken as arguing
against homoconjugative stabilisation effects operating in
the dienes (3).

The fully saturated N-t-butyl-2-azabicyclo[3.2.1Joctane
(7, R=Bu’) was prepared from the diene (3, R=Bu’) by
catalytic reduction and separation of the desired product
ﬁomapmductofmdncnonofthelmmefom(z
X=NBu) by preparative gic.

Since reaction of the aldehyde [2 (X=O)=21] with
amines had proved to be such an effective method of
preparing dienes in the aza-series, an attempt was made
to prepare 2-thiabicyclo{3.2.1]octa-3,6-diene (16) by
reaction of the aldehyde [2 (X=0)=21] with H>S and HCL. .
The product of this reaction bad spectral datat in accord
with the hemithioacetal structure (17, R=H) and it could
be acetylated to a thicacetate (17, R"COMe). The reac-
tion proved concentration-dependent, since at higher
concentrations of aldehyde a compound with data
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consistent with the structure 18 was obtained. At this
stage in our work, Fujisawa'* reported synthesis of 2-
thiabicyclo{3.2.1Jocta-3, 6-diene (16) and we were able to
use his method'’ to prepare this dienc and the cor-
responding sulphone and sulphoxide. 2-Thiabicy-
clo[3.2.1]oct-3-ene (19) was prepared from the diene (16)
by selective reduction of the A*-olefinic bond with di-
imide, and the fully saturated 2-thiabicyclof3.2.1Joctane
(20) was obtained from the known® diol (21) in low yield
by conversion to the dibromide and reaction with sodium
sulphide. This latter compound was identical with an
authentic sample obtained from Iranian kerosine oil.'

We have now prepared a large variety of 2-heterobi-
cyclo[3.2.1Jocta-3, 6-dienes and their reduced derivatives
with a view to studying possible bishomoconjugative
effects in this system. Data showing that the equilibrinm
between the 3, 6-diene (3, R=H) and the isomeric 2,
6-diene favours the latter isomer, and that the equili-
brium 32 in the aza series has more of the imine form 2
as the substituent on nitrogen becomes less electron-
withdrawing would a0t seem to suggest that there is any
special bishomoconjugative stabilisation in the nitrogen
series (3).

EXPERIMENTAL

M.ps. were determined with a Kofler hot stage apparatus. IR
spectra were recorded using a Perkin Elmer 237 instrument.
NMR spectra were recorded at Sussex using Varian HA100 or
Perkin Elmer R32 instruments and at P.C.M.U., Harwell using
Varian and Perkin Elmer 220 MHz machines. Mass spectra were
obtained using Hitachi RMU6, A.E1M.S.9, or A ELMS. 30
instruments by Mr. A. Greenway. Gic was performed by Mr. C.
Simpson and his staff using Pye-Unicam 104/64 instruments with
a flow rate of 50 ml min~' N,. Tic was performed using Merck
Kieselgel GF254 in 0.25mm layers for analytical work and
0.75 mm layers for preparative work. We thank Mr. and Mrs. A.
G. Olney for microanalyses.

N - Phenylsulphonyl - 2 - azabicycio(3.2.1]octa - 3, 6 - diene (3,
R=SO,Ph) was prepared by the method of Oehlschiager and
Zalkow* but 'H NMR-spectral ts* were revised in the
light of decoupling experiments, r (CDCly) 2.1-26 (SH, m,
aromatics), 3.74 (IH, dxd, Js4 7.5 Hz, J,5 1.5 Hz, H, which on
irradiation of H,, r 5.27, collapsed to d, J 7.5 Hz), 3.94 (1H, dxd,
1&76Hz.15,2.5!{z,ﬂ‘whi:honirndiat'xmatﬂ,.f7.36.
coliapsed to d, J 6Hz), 4.76 (1H, t,J 7.5 Hz, H)) 4.82 (1H, dxd, J¢,
6Hz, ], ; 3Hz, H, which on irradiation at H;, r 5.27, collapsed to d,
J 6Hz), 5.27 (1H, brs, H,), 7.36 (1H, m, Hy), 8.28 (1H, m, H,,
which simplified somewhat on irradiation at H,, r7.36), 8.68 (1H,
d, Jaa,se 10 Hz, Hyg).

Redxction of N-phenylsuiphonyl-2-azabicycio[32.1]octa-3, 6-
diene (3, R=SO,Ph) with LAH in refluxing tetrahydrofuran. A
soln of 3, (R=SO,Ph; 1.5g) in dry THF (25 mi) was added to a
stirred suspension of LAH (400 mg) in dry THF (25 ml) over a
period of 20 min. The mixture was heated at reflux for 14br,
cooled, and the excess LAH was destroyed by
of McOH and then water. The mixture was and
filtrate was concentrated in vacwo, diluted with water and ex-
tracted with CHCly. The extracts were dried (Na;SO,) and
solvent was removed in vacko to yield a yellow oil (1.15 g) which
was purified by prepanative tic (SiO;, CHCly) to yield 4 as
semi-solid (659 mg, 44%) which was pure by gic on 5 ft 5% SE30
at 190°, (Found; mje 249.08184; C,sH;sNO,S requires:
249.08234); »SES 3295 cm ™' (NH); r (CDCly) 2.22 and 2.58 (SH,
m, aromatics), 4.67 (2H, m, olefinics), 5.28 (HH, brt, JSHz, NH,
exchangeable in D,0), 7.20 and 7.47 (2H, octet, J,» 12Hz, J;
THz, Tr4 8Hz, H,), 7.58 (1H, dxd, J 18Hz and THz, HY), 8.18
(2H, m+d, He+H)), 8.46 (1H, q, Hy), 8.96 (1H, sextet, H).

(TRS) [7-3H,) - N - Phenyisniphonyl - eado - 6 - aminomethyl-
bicyclo[3.1.0)kex-2-ene was prepared as above but with LAD
substituted for LAH. The product, m/e 250, had an ideatical 'H

NMR spectrum to the undeuterated sample except that the  7.20
and 7.47 absorptions were doublets (J=7 Hz and 8 Hz respec-
tively) and the absorption at  8.96 was a quartet.
endo-6-Carbamoylbicyclo[3.1.0)hex-2-ene (S, R=NH;) The
acid® 8, (R=OH; 1.0g) was treated dropwise with redist. SOCl,
(5 ml) over 5 min and left for 1.5 hr at room temp. Excess SOCl;
was removed in oacxo leaving (5, R=C) as an oil, »i2
1783cm™ (COCI). This was dissolved immediately in dry ether
(20 ml) and the soin was added siowly to an ethereal soin (20 mi)
through which a continuous stream of ammonia was passed.
Ammonia was passed for 1 hr after completion of the addition
and the mixture was filtered and the ppt washed with dry ether.
The combined ethereal solns were concentrated in vacko to yicld
a solid which was purified by sublimation at 72° and 0.5 mm Hg,
m.p. 112-114°, (Found: mje 123.06881, C,HyNO requires:
123.06841), ¥SE» 3380 (NH) and 1665 cm™ (amide), +(CDCly)
4.30 (2H, m, olefinic), 7.28-8.40 (SH, complex).
N-Phenrylsuiphonyl-eado-6-aminomethylbicyclo(3.1.0)hex-
2-ene(4). The amide 5, (R=NH,; 360 mg) was dissolved in dry
ether (4 ml) and added dropwise to a stirred suspession of LAH
(350mg) in dry ether (20ml) over 15min, and stirring was
continued for 14hr at room temp. Excess LAH was destroyed
by careful addition of MeOH and then water and the mixture was
fitered. The filtrate was concentrated in vacuo, diluted with
water and extracted with CHCl;. The extracts were dried
(Na;SO,) and the solvent was removed ix vacuo to yield the
amine as a yellow oil which decomposed on attempted
purification. The crude amine (100 mg) was dissolved in anhyd
pyridine (3 ml) with phenylsulpbonyl chioride (200 mg). The soln
was left at room temp for 5 hr, poured onto 2N HC1 (10 ml) and
extracted with CHC),. The extracts were dried (Na;SO,) and the
solvent was removed in vacko to yield a brown oil which was
purified by prepanative tic (SiO,; CHCly) to yield a pure semi-
solid (100 mg, 44%) with identical IR, '"H NMR and mass spectra
to the sample of 4 obtained by reduction of 3, (R=SO,Ph) with
LAH in refluxing THF.
2-Azabicyclo[3.2.1)oct-6-ene(6, R=H). The sulphonamide 3,
(R=SO,Ph; 1.0g in 20ml dry THF) was added dropwise over
40min to a stirred suspension of LAH (600 mg) in dry THF
(50 ml) and stirring was continued for 14 hr at room temp. Excess
LAH was destroyed by careful addition of water and the mixture
was filtered and the filtrate extracted with CHCly. The extracts
were dried (N8,SO,) and the solvent was removed in vacuo to
yield a yellow oil (316 mg, 729%). The product was purified first by
distillation at 20° and 0.12 mm Hg and then by preparstive gic on
SﬁS%W%KOHnIWwynldallqmd(Ponnd mle
109.088615, C;H;;N requires: 109.089145); »S¥s 3290cm™*
(NH); 7 (CDCly) 3.89 (1H, dxd, J 6Hz and 3Hz, Hy) 4.22 (1H,
dxd, J 6Hz and 3Hz, H,), 6.28 (1H, brs, NH, exchangeable in
D;0), 6.35 (1H, brs, H,), 6.90 (1 H, dxd, J12Hz and 6Hz, endo
Hy), 7.22 (1H, txd, J 12Hz and SHz, exo H,), 7.40 (1H, brs, H;),
8.12 (1H, dxd, J 10Hz and 3Hz, Hy), 8.29 (1H, dxd, J 12Hz and
6Hz, exo Hy), 8.4 (1H, d, J 10Hz, Heg), 8.69 (1H, br, endo H)).
N-Phenylsulphonyl-2-azabicyclo[3.2.1]oct-6-ene (6, R=SO,Ph),
Phenylsulphonyl chioride (128 mg) was added to a soln of 6,
R=H; 89 mg) in 2N NaOH (6 ml) and the soln was stirred at room
temp. for 1hr. The mixture was extracted with CHCl; and
extracts were dried (Na;SO,). The solvent was removed in vacuo
10 yield a semi-solid (144 mg, 579) which on preparative tk (SiO;;
CHClL) gave a solid (64mg, 229%) m.p. 93-94.5°. Further
purifiication was effected by sublimation at 135° and 7 mm Hg
(Found: C, 634; H, 6.1; N, 5.6%, C\3;H;sNO,S requires: C, 62.6;
H, 60; N, 5.6%), mle 49 (M*), r (CDCly) 2.2-2.49 (SH, m,
aromatics), 4.0 (1H, dxd, J 6Hz, and 3Hz, He, which collapsed to
d, J, 6Hz, on irradiation at Hy, r 7.39 and to d, J 3Hz, on
irradiation at H,, r 4.85), 4.85 (1H, dxd, J 6Hz and 3Hz, H; which
collapsed to d, J 6Hz, on irradiation at H,, r 536, and to d, J 3Hz,
on irradiation at He, v 4.0), 536 (1H, m, H,), 6.41 (1H, dxd, ]
12Hz and 6Hz, endo H,, which collapsed to d, J 12Hz, on
irradiation at exo H,, r 8.24), 7.28 (1H, txd, J 12Hz and 5Hz, exo
H,, which collapsed to t, J 12Hz, on irradiation at endo H,, 7
8.64), 7.39 (1R, brs, Hy), 8.10 (1H, m, Hg,, which collapsed to brd,
J 12 Hz, on irradiation at Hs, 7 7.39), 8.24 (1H, dxd, J 12 Hz and
6Hz, exo H,, which collapsed to d, ] 12Hz, on irradiation of endo
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H; at r 6.41), 8.39 (1H, d, J 12Hz, Hy), 8.64 (1H, brd, endo H,,
which collapsed to d, J 12Hz, on irradiation at H,, 7 7.39).

N-Phenyisulphonyl-2-azabicyclo[3.2.1)octane (7, R=SO,Ph).
10% PA-C (32mg) was suspended in a soln of 6, R=SO,Ph)
(57 mg) in MeOH (25 ml) and the mixture was stirred under H; at
room temp. and pressure until uptake had ceased (45 min). The
soln was filtered and the solvent was removed in pacuo to yield a
solid (45 mg, 809%), m.p. 74-76" (lit*. 74-76"), which had identical
spectra to an authentic sample of 7, (R=SO,Ph).

N-Phenylsulphonyl-2-azabicyclo[3.2.1]oct-3-ene (8, R=SO,Ph)
was prepared either by selective catalytic reduction of 3,
(R=SO,Ph)* or by reduction of this diene (92mg) in MeOH
(ISml)um;potaummamdnw’boxthmwmthaddmonof
AcOH (29 mg) in MeOH (10 mi) ovet 15 min at room temp. The
product had the expected properties

2-Az¢bicydo[3.2.l]oc¢au (7, R-H) The sulphonamide 8,
(R = SO,Ph; 320 mg) was dissolved in dry ether (15 ml) and added
over 30 min to a stirred suspension of LAH (230 mg) in dry ether
(25 mI) under N,. The raixture was stirred at room temp. for 22 hr
and excess LAH was destroyed by careful addition of | N NaOH
(1 ml). The soln was filtered, separated and dried (Na;SO,). The
solvent was removed in vacuo at 30° to yield a product (21 mg)
withtheexpected‘spechThhcouldbeeonverﬁeddimﬂyto?
(R=S0,Ph; 25 mg) as in the preparation of 6, (R=SO,Ph) above. The
product was identical in all respects to an authentic sample of 7,
(R=SO,Ph).*

N-Carbethoxy-2-azabicyclo{3.2.1)octa-3 6-diene (3, R=CO4EY).
A soln of 9% (40g) in MeOH (220 ml) was heated to 60° for
12 hr. The solvent was removed in vacuo and the residue was
distilled to vield a fraction, bp 58-60° at 0.5 mm Hg, as an oil
(30 g, 75%), (Found: C, 66.8; H, 7.1; N, 7.95. C,¢H,sNO, requires:
C. 670: H, 7.3; N, 7.8%). mie 179 (M*), »2n 1710, 1660,
1620cm™"; v (CDCl,) 3.64 (1H, brd, J 8Hz, H,), 3.85 (1H, dxd, J
6Hz and 3Hz, Hy), 4.54 (1H, dxd, J 6Hz and 3Hz, H,), 436 (1H, 1,
J THz, Hy), 4.97 (1H, m, H,), 5.82 (2H, q, ] THz, CH,CH,. 728
(1H, m, H,), 8.28 (2H, m, H,), 8.72 3H, t, ] THz, CH,CH}).

N - Carbomethoxy - 2 - azabicyclo[3.2.1)octa - 3,6 - diene (3,
R =C0.Me).

Method A. A soln of 3, (R=CO4E¢; 158) in McOH (80 ml)
containing NaOH (1g) was heated at reftux for 2 hr. The soln was
concentrated in vacso, diluted with water and extracted with
CHClL,. The extracts were dried (Na,SO,) and the solvent was
removed in vacuo. The residue distilled at 62-64° and 0.6 mm Hg
to yield a colourless oil, (10.1 g, 73%), (Found: C, 65.0; H, 695,
N, 8.65%. CoH;;NO, requires: C, 65.45; H, 6.7; N, 8.5%), m/e 165
(M), v55 1715, 1660, 1625cm™", ¢ (CDCly) 3.66 (1H, bed, J
8Hz, H,), 3.81 (1H, dxd, J 6Hz and 2.5Hz,HJ), 4.52 (1H, dxd, J
6Hz, and 2.5Hz, H;), 4.83 (1H, 1, ] 8Hz, H), 4.96 (1H, m, H,) 6.27
(3H, s, CO,Me), 7.28 (1H, m, H;), 8.20 2H, m, Hy).

Method B. Heating a soln of 3, (R=CN*; 200 mg) in McOH
(10mi) containing KOH (350 mg) at reflux for 60hr gave on
work-up a 40% yield of the above 3, (R=CO,Me).

N-Carbomethoxy-2-azabicycio[3.2.1}oct-3-ene (8, R=CO;Me).
Potassium azodicarboxylate (535 mg) was added to an ice-cooled
soln of 3, (R=CO,Me; 460 mg) in MeOH (50 ml) under N,. AcOH
(167 mg in 10 ml MeOH) was added to the soln over 20 min and
the mixture was stirred at 0 for a further 40 min. The solvent
was removed iR oacso and the residue was extracted with
CHCI,. The extracts were dried (N2,SO,) and the solveat was
removed i vacwo to give a product (396 mg, 74%) which was
distilled at 43° and Smm Hg as a liquid, pure by gic on 9t 5%
carbowax—2% KOH at 150°, (Found: C, 64.25; H, 8.0; N, 8.4
Cg&N requires: C, 64.6; H, 7.8; N, 8.4%); mie 167 (M*),

1685 cm™ (NCO,Me), r (CDCly) 3.39 and 3.52 (1H, 2xd, J
7Hz H, in isomers), 4.90 and 4.90 (1H, 2xt, J 7THz, H, in isomers,
collapsing to 2xd, J 7THz or irradiation at H;, r 7.6), 5.22 and 5.38
(1H, 2x brs, H, which sharpened on irradiation at exo Hj, 1 8.0). The
mndadlhe'ﬂmmmndeaedbym
geometrical isomerism and was identical to the upper part of the
higher temp. spectrum, r (CDCly, +60°C) 3.48 (1H, ] 7THz, H,) 4.88
(1H,t,] THz, H)), .28 (1H, m, H,), 6.28 (3H, 5, CO,Me), 7.60 (1H,
m, Hy),8.0(1 b, dxd, J 7THz and 12Hz, endo H,, which collapsed to d,
J 12Hz on irradiation at H), r 5.28), 8.06-8.14 (2H, m, exo Hy + &x0

H,),8.20(1H,d,J 12Hz, Hey),8.27(1H, t, endo H, 8.38 (1H, m, Hay
which collapsed to dJ 12Hz on irradiation at H,, 7 5.28).
N-Carbomethoxy-2-azabicycio[3.2.)Joct-6-ene (6, R=CO,Me),
A soln of NaOH (1.72g in 25 ml water) was added to a soln of €,
(R=H; 194mg) in CHCl (50 ml) with stirring. The soln was
cooled in an ice-bath and methyl chloroformate (282 mg) was
added over 15 min. Stirring was continued for 1 hr at 0° and the
soln was acidified with 6 N HC1 and stirred for a further 30 min at
room temp. The mixture was extracted with CHCl; and the
combined extracts were dried (Na,SO,). The solvent was
removed in vacso at room temp. to yield a yellow oil which
purified on preparative tlc (SiO;: 9 CHCh;, 1 MeOH) as a liquid,
(138 mg, 90%) which distilled at 80-82° and 13 mm Hg, pure by
gk, (Found: C, 64.5; H, 7.9; N, 8.4: C,H,;NO, requires; C, 64.6;
H, 78; N, 8.4%), m/e 167 (M*) »SE 1690 cm™! (NCO,Me) ¢
(CDCly) 3.79 (1H, dxd, J 6Hz and 3Hz, H¢ which collapsed to d, J
6Hz, on irradiation at Hs, 7 7.30), 4.12 (1H, dxd, J 6Hz and 3Hz,
H,, which collapsed to d, J 6Hz, on irradiation at H,, = 5.08), 5.08
(1H, brs, H,), 6.18 (1K, br, endo H,), 632 (3H, s, CO,Me), 693
(1H, txd J 12Hz and 6Hz, exo H,, which collapsed to t, J 12Hz,
on irradiation at endo Hs, 7 8.56), 7.30 (1H, m, Hy), 8.09 (1H, m,
Haa sharpens on irradiation at Hs, 7 7.30), 8.25 (1H, m, exo H),
8.47 (1H, 4, ] 11Hz, Hyy), 8.56 (1H, m, endo Hy).
N-Carbomethoxy-2-azabicycio[3.2.1]Joctane (7, RaCO,Me).
10% Pd-C (684 mg) was added to a soln of 3, (R=CO,Me; 1.5g) in
MeOH (100 ml) and the mixture was stirred under H at room
temp. and pressure for 2 days. The soln was filtered and the
solvent was removed in vacwo to yield a ltiquid which distilled at
93-95* and 1.7Smm Hg (1.13g 75%), pure by gic, (Found: C,
636; H, 89; N, 8.5: CoH;sNO, requires: C, 63.9; H, 89; N,
8.3%), mle 169 (M*), »SHCS 1674cm™! (NCO:Me), r (CDCly)
5.43 (1H, brs, Hy), 6.13 (1H, br, endo H;), 6.36 (3H, s, CO,Me),
7.01 (1H, dxt, J 12Hz and 6Hz, exo H,), 7.36 (1H, brs, Hy),
8.33-8.50 (8H, complex). Reduction of 8, (R=CO,Me) for 3 hr by
this method also yielded the above product.
2-4-Phenylsulphonylaminocyclopent-2-enyl)acetaldehyde
ethylene ketal (12, X«sOCH,CH,0, R=H). The aldehyde 12, (X=O,
R=H; 12 g) was suspended in ethane-1,2-dio] (13 ml) with triethy!
orthoformate (24 ml) and the mixture was heated at 60" until
homogeneous, when para-toluenesulphonic acid (200 mg) was
added. The soln was heated to 100° for 1.5 hr and cooled. NaOH
(1g) was added and the mixture was shaken with CHCl;. The
organic soln was washed well with water and dried (Na,;SO,).
Removal of the solvent in vacuo gave an oil which was chroma-
tographed (Si0;). Elution with ether @ve a semi-solid (983,
70%) which was fnnher purified by preparative tic (Si0,, CHChy),
mie 309 (M*), ¥SHSS, 3340 cm™' (NH), ¢ (CDClLy) 2.10 and 2.44
(SH, m, aromatics), 4.18 (1H, dxt, J 6Hz and 2Hz, olefinic), 4.54
(1H, dxt, J 6Hz and 2Hz, olefinic), 4.73 (1H, d, J 9Hz, NH,
exchangeable in D;0), 5.18 (1H, t, J 6Hz, H,), 5.64 (1H, m, H)),
6.12 (4H, A;B,, CH,0), 7.31 (1H, m, H,), 7.62 (1H, dxt, J 14Hz
and THz, Hy), 8.30 (2H, t, ] THz, H), 8.76 (1H, pent, Hy).
243-Phenyisulphonylaminocyclopentyl)acetaldehyde  ethylene
ketal (13). The ketal 12, (X=OCH,CH,0, R=H; 4 g) and 10% Pd-C
(250 mg) in McOH (60 mI) were shaken in H, at room temp. and
pressure until uptake of gas had ceased (ca. 4 hr). The soin was
fitered and the filtrate concentrated in vacso and chromato-
graphed (SiO2). Elution with benzene: ether (3:2) gave an oil
(3.1g, 77%) which was further purified by preparative tic (Si0;;
9SCHCly: SMeOH), mfe 311 (M*), »SHC 3345, 3250 cm™ (NH),
r (CDCly) 2.10 and 2.5 (SH, m aromatics), 5.24 (1H, t, J 6Hz,
H,), 6.16 (4H, A,B,, CH,0), 6.40 (1H, m, H,), 7.54-9.0 OH, m).
2-Azabicyclo[3.2.1]oct-2-ene (11), Na (2.5g) was added in
small pieces to a soln of 13 (2.0g) in sec-BuOH (25 ml) over
15min at room temp. and the reaction was heated to reflux
overnight. The soln was cooled, diluted with water and acidified
with SN HClL. The mixture was concentrated in vacxo and
extracted with CHCL;. The aqueous layer was make alkaline with
KOH aq and extracted with CHCL;. These latter extracts were
dried (Na,SO,) and the solvent was removed ix vacso to yield a
yellow oil (350 mg) which solidified on cooling. A sample dis-
tilling at room temp. and low pressure was pure by tic. It
decomposed at room temp. but could be stored at —78°, m/e 109,
CEh 1663 cm™' (CaN), £ (CDCly) 2.48 (1H, brs, Ha), 5.88 (1H,
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brs, H,), 7.4-8.8 (SH, m). The cruder sample of imine (150 mg)
was reduced with NaBH, (100 mg) in MeOH (6 ml) at room temp.
overnight and worked up to give the crude 7, (R=H) which was
directly treated with pheaylsulphonyl chloride and NaOH aq as
described in the preparation of 6, (R = SO,Ph) above. The crude
product was purified by preparative tic (SiOy; CHCly) and had
identical spectra to an autheatic sample of 7, (R=SO,Ph)* A
m.m.p. was undepressed.

2-Azabicyclo[3.2.1)octa-2, 6-diene. Gaseous ammonia was
passed through a suspeasion of [2, (X=0)=21] (1g) and anhyd
MgSO, (1.5g) in dry benzene (S0 m!) for 3hr at ambient temp.
with stirring. The mixture was filtered and the solveat
removed in vacuo at low temp. to give a product which, although
unstable, could be stored in dilute solution in CHCL at -78°,
»im 1660 cm~!, m/e 107 (M*), v (CDCl;, ~30°C) 2.80 (d, J 8Hz,
H;), 3.68 (dxd, J 6Hz and 2.75 Hz, HY), 3.95 (dxd, J6 and 2.75 Hz,
H,), 424 (m), 566 (m), etc. Treatment with phenylsulphonyl
chloride and base as above gave a small yield of 3, R=SO,Ph).

N-Methyl-2-azabicycio[3.2.1locta-3, 6-diene (3, R=Me)

Method A. A soln of methylamine (400 mg) in dry benzene
(2ml) was added over 15 min to a suspension of (2, (X=0)==1)
(200 mg) in dry benzene (3 ml) at room temp. The mixture was
stirred for a forther 15 min and filtered. The solvent was removed
in vacuo at room temp. to yield 3, (R=Me) as an unstable oil,
(135 mg), m/e 121 (M*), (CDCl,) 3.88 (dxd, J6Hz and 3Hz, Hy),
4.46 (d, ] 8Hz, H,). 4.80 (dxd, J 6Hz and 2.75Hz, H,), 520 (t,J
8Hz, Hy), 6.22 (brs, H,), 7.52 (s, NMe) and other absorptions.

Method B. A soln of 3, (R=CO,Me; 214 mg) in dry ether (10 mi)
was added to a stirred suspeasion of LAH in dry ether (15 ml)
under N; and stirring was continued at room temp. overnight. |
Excess LAH was destroyed by careful addition of 2N. NaOH
combined ethereal layers were dried (Na,SOJ and the solvent
was removed in vacko to yield an oil (143 mg) with the charac-
teristic '"H NMR spectrum of 3, (R=Me) above. Dimerisation to
an oil m/e 242, occurred rapidly at room temp.

Method C. Mel (12ml) was added to a soln of 12,
(X=OCH,CH,0, R=H; 1.5g) in 1:1 aqueous MecOH (30ml)
containing NeOH (1.0g) and the reaction was stirred at room
temp. for 24hr and extracted with CH,Cl,. The extracts were
washed with dil HC1 and brine and dried (N2,SO,). Removal of
the solvent in vacuo gave an oil which was chromatographed
(Si0,). Eltion with benzene: ether (1:3) gave 12,
(X=OCH;CH;0, R=Me; 860 mg) which was further purified by
prepanative tlc (Si0;:CHCL) mje 182 (M* - SO,Ph), r (CDCly)
2.14 and 244 (SH, m, aromatics), 4.14 and 471 (2H, 2Xm,
olefinics), 4.86 (1H, brt, H,), 5.04 and 5.53 (1H, 2xt, J 6Hz, H,),
6.12-(4H, m, OCH,), 7.35 (3H, s, NAMe), 7.72 2H, m, H,+ Hy),
8.30 (2H, m, Hy), 8.84 (1H, peat, H,). The ketal was treated with
sodium and sec-butanol with an acidic work-up exactly as in the
preparation of 11 above to yield 3 with '"H NMR spectral ab-
sorptions as above.

Catalytic reduction of the dieme (3, R=Me). The diene 3,
(R=Me; 600 mg) was dissolved in MoOH (25 mi) with 10% Pd-C
(80 mg) and stirred under H; at room temp. and pressure until no
further uptake of gas was observed. The soln was filtered and the
solvent was removed in vacuo 1o yield an oil with identical gic
retention time (Sft APL—2% KOH at 90" and IR and NMR-
spectra to an authentic sample of 7, (R=Me).*

N-Methyl-2-azabicyclo[3.2.1]oct-6-ene (6, R=Me)

Method A. A soln of 6, (R=CO;Me; 65mg) in dry ether
(17 ml) was added over 10 min to a stirred suspension of LAH
(40 mg) in dry ether (30 mi) under N,. The mixture was stirred at
room temp. for 24 hr, and excess LAH was destroyed by careful
addition of water. The soln was filtered and extracted with ether.
The combined ether solns were dried (N2,SO,) and the solvent
was removed in vacso to yield an oil (40 mg, 849%) which was
spectroscopically pure although thermally unstable, (Found: m/e
123.103661. C.H.,qumtu 123.104794); 7 (CDCly at —40) 3.84
(1H, dxd, ] 6Hz and 2Hz, Hg), 4.14 (1H, dxd, ] 6Hz and 2Hz, H,),
6.54 (1H, m, H,), 7.30 (1H, dxd, J10 and 5Hz, endo H,), 7.47 (1H,
brs, Hy), 7.80 (1H, txd, J 10Hz and SHz, exo H,), 783 (3H, s,
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NMe), 8.27 (m, Ho + others), 8.40 (1H, d, J10Hz, Hyg), 8.70 (1H,

m, H).

Method B. KOHaq (0.75 g in 20 ml H,0) was added to a soln of
6, (ReH; 211 mg) in MeOH (20 ml). Me,SO, (254 mg) was added
to the mixture with ice cooling under N, and stirring was
continued for 4 days at room temp. The mixture was extracted
with CHCl, and the extracts were dried (Na;SO,). Removal of
the solvent in sacxo yielded an oil, pure by gic, with identical
spectra to the sample prepared by method A. The compound
dimerised to an oil m/e 246 on standing at room temp.

N-Methyl-2-azabicycio[3.2.1]oct-3-ene (8, R=Me). A soin of 8,

was  (R=CO,Me; 114 mg) in dry ether (10 ml) was added to a stirred

suspension of LAH (120 mg) in dry ether (20 ml) and the reaction
was stirred at room temp. under N for 17 hr. Excess LAH was
destroyed by careful addition of 2N aq KOH, ether was added
and the ethereal layers were dried (Na;SO,). The solvent was
removed in vacuo at 20° to yield a pale oil, (30 mg). This was
very unstable dimerising even at —78°, m/e 246 (M*, dimer) and
several runs were ired to obtain good spectra, r (CDCls,
-40°C) 4.47 (1H, 4, ] THz, Hy), 5.47 (1H, txd, J THz and 2H2,
HJ). 6.44 (1H, m, H)), 671 (1H, m, Hy), 748 (3H, s, NMe),
1.67 - 8.10 (complex).

N-Ethyi-2-azabicyclo[3.2.1)octa-3, 6-diene (3, R=EX). A soln of
anhyd ecthylamine (4Smg) in dry benzene (2ml) was added
dropwise over 15 min to a suspension containing [2, (X=0):21)
(100 mg) and anhyd MgSO, (200 mg) in dry benzene (2.5 mi). The
reaction was stirred at room temp. until the r 0.84 doublet had
gone from the 'H NMR spectrum (ca. 0.5hr). The soln was
filtered and the solvent removed in vacwo to an oil (108 mg,
m(l’ound: mle 135.104505. CoH 3N 135.104794),
yD 1660cm™!, ¢ (CCLY) 4.15 (1H, dxd, ] 6Hz and 2Hz, HY),
458 (1H, d, ) 7.5 Hz, H,), 5.02 (1H, dxd, J 6Hz and 2.5Hz, H,),
$.51 (IH, brt, J 7.5Hz, HY, 6.22 (IH, brs, H,), 6.69 (2H, q,
CH,CH,), 7.58 (1H, m, Hy), 8.91 (3H, t, CH,CH)) for (3, R=Et)
and abeorptions at ¢ (CCLY), 2.80 (1H, d, J 8Hz, bmine), 4.22 (2H,
bes, olefinic), 7.00 and 8.88 (2H and 3H, q+t, CH,CH,) for 2,
(X=NEt). The dienc form 3 was in excess, although, in CDCl;, a
similar spectrum was obtained except that the ratio 3, (R«Et):2,
(X=NEt) was 2:3.

N-t-Butyl-2-azabicycio(3.2.1}octa-3, 6-dieme (3, R=t-Bu). t-
Butylamine (135 mg) was added slowly to a suspension containg (2,
(X=0Y,1(200 mg) and anhyd MgSO, (400 mg) in benzene (3 mi) and
the mixture was stirred at room temp. for 2.5 hr and filtered. The
sofvent was removed in vacuo to give an odl (260 mg, 81%), (Found:
mje 103.136009. C,;H ;N requires: 103.136093); +(CC1) 4.18 (1H,
dxd, J 6Hz and 2.5Hz, HY, 4.22 (1H, d, ) THz, Hy), 5.07 (1H, dxd, J
6Hz and 2.5Hz, H,), 5.52 (1H, txd, ] THz and 2.5Hz, H,), 5.83 (1H,
brs, Hy), 748 (1H, m, Hy), 8.34 (1H, m, H,,), 8.46 (1H, broed, Hes),
861 (9H, s, CMe,).

N-tButyl-2-azabicycio[3.2.1)octane (7, R=tBu). A soln of 3,
(R=Bu'; 460 mg) in McOH (25 ml) containing 10% Pd-C (185 mg)
was stirred under H; at room temp. and pressure for 2 hr and
fitered. The solvent was removed in oacwo to yield an oil
(471 mg) which was a 1:1 mixture of isomeric amines by gc/ms.
These were separated by preparative gic on 9ft 209% Apiezon-
109% KOH at 140°C and the second fraction was a liquid (Found:
mle 161.167467, C;HyN requires: 167.167391), » (CCL) 6.57
(1H, brs, Hy), 7.24 (1H, dxd, ] 6Hz and 10Hz, endo H,), 7.57 (1H,
txd, J 10Hz and SHz, exo H,), 7.83 (1H, m, H,), 8.41-8.80 (8H,
complex), 8.97 (9H, s, CMey).

Treatment of the aldehyde (2, (X=0)s21] with H,S and
acetylation of the product. Gaseous H;S and HCl were simul-
taneously passed into EtOH (40ml) at 0* and a soln of (2,
(X=0)=21) (500 mg) in EtOH (5ml) was added dropwise over
10 min with stirring. Stirring was continued for 30 min at 0, the

gas supplies were disconnected and the mixture was diluted with
CHCI,(lwni)mdvmhedvnhm The organic layer was
dried (Na;SOJ) and the solvent was removed ix vacio to give an
oil (300 mg) which was pure by tic e 158 (M"), »25, 2505 cm™
(SH) f(Clx‘l)“y’ (ZH. 'vm)- 5“ (2H' mw“l M H))'
6.78 (1H, m, Hy), 7.20-8.30 (5H, m). More concentrated solns
gave a product with almost identical spectra but with m/e 282
(M)
The product (250 mg) was dissolved in anhyd pyridine (8 mi)
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with Ac;O (2 ml) and left for 14 hr at room temp. The soln was
added to water and extracted with CHCly. The extracts were dried
(Na;SO,) and the solvent was removed in vacuo to yield a
product (138 mg) which was purified by prepanative tic (SiO:
CHCly), mje 200 (M*), »SBC» 1689 cm™ (SCOCHy), r (CDCly)
4.32 (2H. s, olefinics), 5.42 (2H, m, H, and Hj;), 6.80 (1H, brm,
Hs), 7.14-8.20 (SH, complex), 7.70 (3H, s, COCH,).

2-Thiabicyclo[3.2.1Joct-3-ene(19), Compound 16'*'* (57 mg)
was dissolved MeOH (10 ml) with potassium azodicarboxylate
(178 mg). AcOH (55 mg in 3ml MeOH) was added to the ice-
cooled suspension over Smin under N, and stirring was
continued for 1 br at 0* and 2 hr at room temp. The solveat was
removed in vacuo and the residue was extraced with CHCl,. The
extracts were dried (Na;SO,) and the solvent was removed i
vacuo to yield a yellow oil (38 mg, 65%) which was parified by tic
(Si0;, hexane). The product was pure by gic (Found: m/e
126.050379. C;H,S requires: 126.030320), r (CDCly), 4.16 (2H,
brd, olefinics), 6.79 (1H, m, H,), 7.57 (1H, m, Hj), 7.70-7.90 (6H,
complex m).

2- Thiabicyclo[3.2.1]octane (28). The diol 21° (2.0 ) in dry THF
(20 ml) was added over 15 min to a stirred soin of PBr, (5.0g) in
dry ether (20 ml). Stirring was continued at room temp. for 16 hr
and the mixture was added to 10% Na;COsaq (25 ml) and ex-
tracted with ether. The extracts were dried (N2,;SOJ and the
solvent was removed in vacko 10 give an oil which distilled at
88-90° and 0.4 mm Hg (2.9 g 84%), pure by tkc (Si0,:CHClL), m/e
177, 175 (M*~Br), r (CDCly) 5.84 (1H, m, H)), 6.56 (2H, q, ] THz,
H,), 7.98 (SH, complex m). This dibromide (700 mg) was dis-
solved in EtOH with Na,S.9H,0 (1.2 g). The mixture was stirred
at room temp. for 3 days and the solvent was removed in vacwo.
The residue was diluted with water and the resulting suspension
was extracted with CHCl;. The extracts were dried (Na,;SO,) and
the solvent was removed in vacso to give a product which
distilled at 85° and 8mm Hg in a short path apparatus. The
product (5%) was a colouriess semi-solid identical in all respects
with an authentic sample from Iranian kerosine oil.'*
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